Abstract: The present study was aimed for the effects of exposure to multiple organic solvent vapors in comparison with single exposure to phenol. It included 20 workers exposed to phenol alone and 32 workers of combined exposure to phenol, benzene, toluene and methyl ethyl ketone. A control group of 30 subjects was also included. The levels of transaminases, total proteins, prothrombin time, bleeding time, clotting time, fasting blood sugar, serum creatinine and some trace elements (copper, zinc, iron, magnesium, manganese and calcium) were determined in blood together with a complete blood picture.
INTRODUCTION
Organic solvents have a wide range of applications. Exposure to organic solvents is an eminent risk factor in work place1). Inhalation of organic solvents can cause injury to several internal organs of the human body. The risk of injury * To whom correspondence must be addressed .
depends on the concentration of the substance in the respirable air, the duration of exposure and whether it is present alone or in mixtures2). However, studying the effects of multiple exposure is a relatively unexplored area of occupational health.
Chronic phenol poisoning in man is characterized by systemic disorders such as digestive, nervous and mental disorders3). Also, liver enlargement and elevated levels of serum lactic dehydrogenase (LDH), serum alanine aminotransferase (ALT) and serum aspartic aminotransferase (AST) were observed among workers occupationally exposed to phenol4). An exact occupational appraisal of phenol toxicity in man is sometimes difficult because it is usually found in mixtures with other solvents. Such combinations may exert an effect different from that caused by exposure to phenol alone5).
For solvents which generally affect the same organ, the conservative assumption for their combined effect is additivity6 This study has been carried out to detect the biochemical effects resulting from occupational exposure to phenol when it is combined with other organic solvents.
MATERIALS AND METHODS
The present study includes a total number of 82 male subjects from an oil refining plant located in the city of Alexandria. They were selected randomly and have been divided into three groups:
Group I: Workers exposed to phenol alone (n = 20), during aromatic extraction from distillates containing aromatics, wax, oil and impurities.
The time weighted average exposure according to the factory records was 5.4 ppm.
Group II: Workers with combined exposure to phenol, benzene, toluene and methyl ethyl ketone (MEK) (n = 32). The time weighted average exposure according to the factory records was 4.7 ppm for phenol, 0.7 ppm for benzene, 220 ppm for toluene and 90 ppm for MEK.
Group III: A reference group of 30 subjects selected from the administrative departments. They were located in a separate building far from any exposure. They had no history of exposure to organic solvents, but with the same demographic characters like age, educational status and socioeconomic status . . . etc, as the exposed workers.
Fasting blood samples were collected from each subject by vein puncture at the end of the shift of the last working day of the week. A part of the blood was centrifuged and the serum was separated for the analysis of transaminases (AST   OCCUPATIONAL   COMBINED  EXPOSURE  TO ORGANIC  SOLVENTS  209 and ALT), total proteins, prothrombin time, bleeding time, clotting time, fasting blood sugar (FBS) and serum creatinine using commercial kits. Also, the levels of some trace elements in serum have been determined by atomic absorption spectrophotometry8).
These were: copper (Cu), zinc (Zn), iron (Fe), magnesium (Mg), manganese (Mn) and calcium (Ca). The rest of the blood was used for obtaining a complete blood picture using the standard methods9). The measured items in blood are presented in Table 3 .
Spot urine samples were obtained from each subject for the determination of the biological indices of exposure. For phenol and/or benzene exposure, the levels of urinary phenol have been determined10). Analysis of hippuric acid and methyl ethyl ketone in urine was carried out to assess the exposure to toluene and methyl ethyl ketone respectively11,12) The concentrations of all urinary parameters were referred to the creatinine content.
Statistical analysis of the obtained data has been carried out using the one way ANOVA and the Scheffe test. The level of significance was taken at 5% or 1% according to the obtained value.
RESULTS
The population characteristics and the biological indices of exposure among the different groups of examined subjects are presented in Table 1 . No statistically significant difference has been found between the mean ages of the different groups and the durations of exposure between the two groups of exposed workers. All the biological indices were higher among the exposed groups than the control subjects (p < 0.01).
The mean levels of FBS, ALT, AST, total proteins, serum creatinine, prothrombin time, bleeding time and clotting time among the different groups of examined subjects are shown in Table 2 . Workers exposed to phenol either alone or in combination with the other organic solvents showed statistically significant higher levels (p < 0.05, 0.01) of ALT, AST and clotting time, and lower levels (p < 0.01) of serum creatinine than control subjects. Prothrombin time was found to increase significantly only among workers exposed to phenol with other organic vapors (p < 0.01). No variations could be detected in the mean levels of FBS, total proteins and bleeding time between the different groups of examined subjects. Table 3 presents the mean levels of the hematological findings among the different groups of examined subjects. Workers exposed to phenol either alone or in combination with organic solvents showed statistically significant higher levels (p < 0.05, 0.01) of hemoglobin, hematocrit, color index, MCH, MCV, basophils and neutrophils and lower levels (p < 0.01) of monocytes than the control subjects. Workers exposed to a combination of phenol and other organic solvents showed a statistically significant decrease (p < 0.05, 0.01) in the mean levels of platelets count and eosinophils. No changes have been detected in the levels of The mean levels of some trace elements in serum among the different groups of examined subjects are shown in Table 4 . Statistically significant higher levels (p < 0.01) of Mg, Mn and Ca were found among workers exposed to phenol either alone or in combination with the other organic solvents, while statistically significant lower levels of copper and iron (p < 0.05, 0.01) were found only among workers exposed to phenol in combination with other organic solvents. No statistically significant variations could be detected in the levels of urinary Zn between the different groups of examined subjects. The levels of exposure to phenol are relatively similar in both groups of ex- posed workers: 5.4 ppm for workers exposed to phenol alone and 4.7 ppm for those exposed to phenol with other organic solvents. The low levels of benzene in air (0.7 ppm) supports the view that the levels of urinary phenol found among workers exposed to a combination of organic solvents is mainly due to phenol exposure. In general, the higher levels of the biological indices of exposure among the exposed population in comparison to the tentative biological TLVs reported in literature13) suggest that these workers are exposed to considerable amounts of organic solvents. Therefore, an interaction between the different types of organic solvents, especially the potentiated action, is expected.
This type of interaction has been reported between benzene and toluene14), as well as between MEK and various hydrocarbon compounds 15).
Most of organic solvents are well known hepatotoxic compounds. AST and ALT are the enzymes most often measured for liver functions evaluation16). These enzymes have been reported to be affected by exposure to benzene17), toluene18) and phenol19). In the present study, the levels of AST and ALT were found to be elevated among workers exposed to phenol either alone or in combination with other organic solvents. This means that the effect of phenol exposure on these enzymes has not been altered by the combination of phenol with benzene, toluene and MEK. However, the prothrombin time, which is reported to be prolonged in liver injury20) was not affected by exposure to phenol with other organic solvents. This result suggests the different impact in the multiple organic vapors exposure to liver than that of single phenol exposure.
Concerning kidney functions, lowered creatinine levels have been observed in workers with excessive solvent exposure21). The same results have been obtained in the present study among both groups of exposed workers.
Literature reported changes in the blood picture of workers exposed to organic solvents21-23). Exposure to toluene was found to decrease the mean corpuscular hemoglobin concentration (MCHC) and the percentage of basophils21) and to increase the hemoglobin levels22), while benzene exposure caused leucopenia and hypohemoglobinemia23).
In the present study, exposure to a combination of organic solvents altered the blood picture of the exposed workers in a similar manner as exposure to phenol alone, except that a decrease in platelets count . and in percentage of eosinophils have been found among workers exposed to multiple organic solvents.
Liver represents the storage organ for most of trace elements. Therefore, it is not surprising that in various liver disorders, one encounters metabolic changes in respect to these microelements24). The present study revealed that workers exposed to phenol either alone or in combination with other organic solvents showed increased levels of magnesium, manganese and calcium. This is in accordance with literature which reported increased manganese levels in serum after liver injury20) and elevated values of serum magnesium and serum calcium among workers exposed to toluene25). Exposure to combined organic solvents and not to phenol alone decreased the levels of both serum copper and iron. 
